using fl uorescent dye AFLP markers and capillary electrophoresis. Four AFLP primer combinations were used, generating a total of 297 fragments, 213 of which were polymorphic (73.0%). Resolving powers of the AFLP primers ranged from 0.700 to 1.018, with a total of 3.440, while polymorphism information contents ranged from 0.707 to 0.837 with an average of 0.764. UPGMA clustering of the genotypes showed two major groups. Most of the fruit characteristics of the genotypes within the same group were variable. Therefore, the results showed that molecular characterization is necessary to get reliable relationships among pomegranate genotypes and AFLP markers can be used effectively in pomegranate.
INTRODUCTION
Pomegranate is presumed to have originated from the southern Caspian belt (Iran) and Northeast Turkey (Janick, 2007) . The Mediterranean basin is an important center for diversifi cation of the plant (Levin, 1994) . The plant has high adaptive capacity and therefore, as a crop, is widely cultivated in tropical and subtropical areas, mainly in Mediterranean countries including Egypt, Morocco, Spain, Turkey and Tunisia. Turkey has a long history of pomegranate cultivation. Total pomegranate production in Turkey is about 100,000 metric tons per year . Recently, pomegranate production has increased globally due to greater awareness of its health promoting phytonutritional content (Faria et al., 2007; Khan and Mukhtar, 2007; Malik et al., 2005) . Indeed, pomegranate is one of the richest dietary sources of antioxidant phenolics and anthocyanins, and there is a wide variation among pomegranate genotypes in terms of these compounds .
In Turkey, the cultivation of pomegranate (Punica granatum L.) is mainly confined to semi-arid mild to temperate subtropical climates, including Mediterranean, Aegean and South East Anatolia regions (Ercisli et al., 2008) . In addition, there are very special microclimate regions, such as the Coruh Valley, where pomegranate is abundant (Ercisli, 2004) . However, little is known about the structure and the genetic diversity of the pomegranate germplasm in this area. With its rich biological diversity, the Coruh Valley is one of the 35 world hotspots of biodiversity pointed out by The World Conservation Union as the western section of the "Caucasus Ecosystem" (Anon, 2007) . Its rich biological diversity, in particular for wild edible fruits including pomegranates, is a result of the extreme variation in climate within a very small area.
The pomegranates have routinely been characterized using morphological and biochemical markers (Mars and Marrakchi, 2008; Ozgen et al., 2008; Ozguven et al., 1997) . These markers are valuable for pomegranate varietal group identification, but they show limited levels of detection of inter-varietal and intra-varietal polymorphisms on account of their environmental plasticity. DNA molecular markers provide a good and informative approach to estimate the genetic diversity and genetic relationships of horticultural plants. Recently, attention has been focused on the use of different molecular markers such as RAPD (randomly amplified polymorphic DNA), SSR (simple sequence repeat), SRAP (sequence-related amplified polymorphism), ISSR (inter-simple sequence repeat) and AFLP (amplified fragment length polymorphism) in different fruit species to determine genetic diversity and relationships among cultivars. Among them, RAPD has been extensively used in pomegranate because of its simplicity and low cost, but this marker system generates a limited number of polymorphism in pomegranate Ercisli et al., 2008; Sarkosh et al., 2006; Zamani et al. 2007) . Yuan et al. (2007) and Jbir et al. (2008) characterized Chinese and Tunisian pomegranates using AFLP markers. They found that AFLP permitted the generation of a nearly unlimited number of markers that are reliable in differentiating pomegranate genotypes. In fact, among PCR-based molecular markers, AFLPs are highly reproducible multi-locus marker systems developed by Vos et al. (1995) . High level of polymorphism and high degree of discriminative capacity are the main advantages of AFLPs for the analysis of closely related genotypes.
Although, the AFLP method has been used to identify genetic variability of many different plant species, the use of this powerful and reliable method in pomegranate is limited. The objective of this study is to characterize 19 pomegranate genotypes from the Coruh Valley in Turkey by AFLP markers, which will help breeders in parental selection in a pomegranate cultivar-breeding program.
MATERIAL AND METHODS

Plant material
The nineteen pomegranate genotypes had been previously selected from the Coruh Valley according to characteristics of yield, attractiveness of the fruit and degree of freedom from pests and diseases. The genotypes are found in diverse locations in the valley. Some important fruit characteristics of the genotypes are given in Table I .
DNA extraction and AFLP analysis
Genomic DNA was extracted from leaf tissue by the CTAB method of Doyle and Doyle (Doyle and Doyle, 1987) with minor modifi cations (Benjak et al., 2005; Kafkas et al., 2005) . Concentration of extracted DNA was estimated by comparing band intensity with λ DNA of known concentrations, after 0.8% agarose gel electrophoresis and ethidium bromide staining. DNA was diluted to 50 ng μL -1 for AFLP reactions.
Details of AFLP assay, adaptor and primer sequences, PCR conditions for preselective and selective amplifi cations, and selective primer designation were according to Vos et al. (1995) with minor modifi cations (Kafkas et al., 2008) . Genomic DNA was restricted with EcoRI/MseI enzyme combination, and double-stranded adaptors specifi c to each site were ligated. Preselective amplification was carried out with primers complementary to the adaptors with an extra selective base on each primer (EcoRI-A/MseI-C). Selective amplifi cation was performed with four primer combinations (E AGA /M AGT , E AGA / M AGA , E AGT /M ACC and E AGT /M ATC ). Fragments were resolved using capillary electrophoresis in an ABI 3130xl Genetic Analyzer [Applied Biosystems Inc., Foster City, Calif, (ABI)] with the data collection software 3.0 (ABI). AFLP fragment analysis was performed with GeneScanAnalysis Software 4.0 (ABI).
Data analysis
The ability of the most informative primer pairs to differentiate between the genotypes was assessed by calculating their resolving power (Rp) according to Prevost and Wilkinson (1999) using the formula Rp = ∑ Ib, where Ib=1-(2 x | 0.5 -p |) and p is the proportion of the genotyps containing the I band. The polymorphism information content (PIC) of each marker was calculated using PIC = 1 -∑ Pi 2 where Pi is the band frequency of the i th allele (SMITH et al. 1997) . AFLP data were recorded as '1' for the presence of a band and '0' for its absence to generate a binary matrix. Only reproducible bands were scored for all the accessions tested. The data set was used to perform Principle Coordinate (PCoA) and cluster analyses using NTSYSpc 2.11V software (ROHLF 2004) . Firstly, a similarity matrix was generated using Jaccard coeffi cients. This matrix was then used for PCoA. For cluster analysis, the The bootstrap values for the clusters were calculated with 1000 replicates using PAUP program (SWOFFORD 1998). The representativeness of dendrograms was evaluated by estimating the cophenetic correlation for the dendrogram and comparing it to the similarity matrix, using Mantel's matrix correspondence test (Mantel, 1967) . The result of this test is a cophenetic correlation coeffi cient, r, indicating how well the dendrogram represents similarity data. For PCoA, the genotypes were plotted on the fi rst three dimensions using the G3D procedure of SAS program (SAS 1990) .
RESULTS AND DISCUSSION
The four primer combinations were used to characterize 19 selected promising pomegranate (Punica granatum) genotypes and results are shown in Table 2 . In total, 297 bands were obtained using four primer combinations and among them 213 bands were polymorphic. A maximum of 60 polymorphic fragments was amplifi ed with the E AGA /M AGT primer pair, and a minimum of 42 polymorphic bands were scored with the E AGT /M ATC primer pair. 73.0% polymorphism ratio was obtained from four primer combinations in this study. Therefore, AFLP seems an efficient method to examine the DNA polymorphisms in pomegranate. This richness in genetic diversity could be the result of long-term evolution, and represents the evolutionary potential of a species to adapt to various ambient pressures. The results from this study also showed that the Coruh Valley has rich pomegranate germplasm and it seems that selections had been done on these seedling materials. In fact, it is well known that the Coruh Valley is very close to the place of origin of the pomegranate.
The Rp values are also used to determine the ability of primers to differentiate pomegranate genotypes from Turkey, which ranged from 0.700 (E AGA /M AGT ) to 1.018 (E AGT /M ATC ) with a total of 3.440. However, E AGT /M ATC primer combination had the lowest (0.707) polymorphism information content (PIC) ( Table 2) .
A dendrogram was obtained by the UPGMA method using the total number of AFLP bands (Fig. 1 ). There were two main groups in the dendrogram: Group 1 consisted of two genotypes namely APS-12 and APS-49. They were separated from the others with 100% of bootstrap replicates. This result indicated that these two genotypes are highly distinct from the others. However, the similarity index of two genotypes was only 0.33.
The morphological fruit characteristics, except taste, of these two genotypes are highly variable. For example, APS-12 has pink colored arils, 261 g average fruit weight, hard seeds and soft peel, whereas APS-49 has light red colored arils, 395 g average fruit weight, semi hard seeds and fi rm peel (Table 1) .
The rest of the 17 pomegranate genotypes formed Group 2 and the bootstrap replicates further separated Group 2 into two subgroups ( Fig. 1) : Subgroup 1 included APS-36, APS-48 and APS-64 genotypes, and they were separated from Subgroup 2 with 70% of the bootstrap replicates. Genetically APS-48 and APS-64 were found closer to each other with a 0.37 similarity index (Table 1) . Among Subgroup 2, the closest genotypes were APS-1 and APS-11 with the highest similarity index (0.92), followed by APS-56 and APS-63 (0.81), and APS-13 and APS-28 (0.75) (Fig. 1) .
Fruit characteristics of genotypes within Subgroup 1 are quite different from each other, except for seed hardiness (Table  1) . In Subgroup 2, 14 pomegranate genotypes also had different fruit characteristics. APS-1 and APS-11 had a sweet-sour taste and very fi rm peels. However, aril color and seed hardness were highly variable between these two genotypes. In this subgroup, there were also genotypes that have pink, light pink, red, dark red, even cream aril color. Fruit weights were also highly variable (from 218 g to 518 g) among the genotypes in this subgroup (Table 1) . It seems that there are no relationships between morphological and molecular data among pomegranate genotypes from the Coruh Valley. These discrepancies were previously reported by several authors working on pomegranate Sarkosh et al., 2006; Zamani et al., 2007) . In most cases, based on the relative location of genotypes in the fi eld (Figure 2 ), genotypes did not agree with those in clusters based on AFLP markers (Figure 1 ). For example, the closest genotypes APS-1 and APS-11 on AFLP dendrogram ( Figure 1) were not found in similar places in the fi eld ( Figure 2 ). As well, the genotypes, APS-48, APS-49 and APS-50 were found very close to each other in the fi eld (Figure 2 ) but on are far apart on the dendrogram (Figure 1) . The high level of phenotypic differences observed among pomegranate genotypes might be the result of environmental conditions, which greatly affect expression of quantitative traits. Jbir et al. (2008) stated that molecular markers provide more reliable results in pomegranate classifi cation in comparison to morphological data. In addition, Zamani et al. (2007) stated that there is a poor correlation between fruit characteristics and RAPD data in pomegranate, and they found that the correlation coefficient between morphological and RAPD data was only 23%. They also suggested that different marker systems, for instance, SSRs or AFLPs can be utilized to reveal genetic diversity among closely related pomegranate genotypes. In fact, Mars (2001) stated that the selection of pomegranate genotypes by farmers for production be mainly based on fruit characteristics. Therefore, only a small part of the genome encoding these traits is involved in empiric selection by farmers.
The Mantel test indicated that the cophenetic matrix of the dendrogram was very high (r = 0.93). Therefore, it can be concluded that the dendrogram provides a good representation of the similarity matrix.
Factor scores of the fi rst three dimensions of PCoA for the AFLP data are shown in Fig. 2 . In this analysis, the fi rst three dimensions explain 20.6, 11.9 and 10.3% of the variation. The PcoA obtained from AFLP data supported the UPGMA dendrogram and the PcoA clearly separate Group I from Group II, indicating that they had high levels of molecular variation. The PcoA results are also revealed that APS 1 with APS 11 and APS56 with APS63 genotypes were the genetically closest genotypes (Fig. II) .
In conclusion, Punica granatum genotypes sampled from diverse environments of the Coruh Valley displayed very rich genetic variations. A relatively large number of AFLPs were generated by four primer combinations and permitted surveying genetic diversity and relationships among pomegranate genotypes from the Coruh Valley. Therefore, the AFLP approach gives much more information about the genetic background of pomegranate genotypes used compared to fruit characteristics. As well, those parts of the genome amplified using AFLP primers might not be in genes that code for morphological characteristics (Zamani et al., 2007) .
